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CLAIMS 

A semiconductor device comprising a 

semiconductor^^eiement having electrodes, and metal bumps 

including cores and metalsurf aoe~^-avers covering said 

5 cores, said metal bumps being attached to the electrodes 

of said semiconductor element. / 

2. A semiconductor device/according to claim 1, 

wherein said metal surface layer comprises one of gold 

and solder. / 

10 3. A semiconductor device according to claim 1, 

wherein said metal surface l4yer is a plated layer plated 

on said core. 

4. A semiconductor /device according to claim 1, 

wherein said core comprises one of a metal, an inorganic 

15 material and an organic material and has a diameter of 

. not larger than 1 0 O-'^'lirn^ari^^ metal surface layer has 

a thickness of not larger than 50 nm. 

5- A semiconduc^tor device according to claim 1, 

/ \ 

further comprising a wiring b9.ard having electrodes, said 



iTi 20 metal bumps attached /to^he electrodes of said 

iu semiconductor elemerA>^being connected to the electrodes 

\^ of said wiring bpa'rd. | 

Q 6. A -^^^miconductor device comprising a 

semicondii:gxor element having electrodes, and metal bumps 
25 comprising go\ld bump elements and solder bump elements 

connected together, said gold bump elements being 
attached to the^electrodes of said semiconductor element. 

7. A semiconductor device according to claim 6, 
wherein said gold bump element has a first side and a 

30 second side opposite to said first side, the first side 

of said gold bump element being joined to the electrode 
of the semiconciuctor element, and the second side of said 
gold bump element is joined to said solder bump element - 

8. A semiconductor device according to claim 7, 

35* wherein the second side of said gold bump element forms a 



/ 

flat surface or a flat surface with a recessed portion, 
9. A s emicondu ctor device according to claim 1, 



IxJ 
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f urt+^e^u^coinprising a wiring board having electrodes, the 
metal bumps atta^Tre'd-H3rO--.th^_el^trodes of said 
semiconductor element being connec^E^d to the electrodes 
of said wiring boarjd. 
5 10. A semiconductor device^ comprising a 

semiconductor element having edectrodes , and metal bumps 
comprising gold-containing sc>lder films formed on the 
electrodes of said. semicormuctor element and metal bump 
elements provided on said/ gold-containing solder films. 
10 11. A semiconductdr device according to claim 10, 

further comprising a wifring board having electrodes, the 
metal bumps attached to the electrodes of said 
semiconductor ol^^m^nM being connected to the electrodes 
of said wiringy board .\ 
15 12 . A seinicon4uctor^device according to claim 10, 

^ wherein said metal/ bump^element comprises one of gold and 

W solder. \ 

ir| 13. A semiconductor device according to claim 10, 

wherein said metal bump element is formed as one of a , 

Q K\ 

I, I 20 metal film and a\metal ball. 

\^ I 

fU 14. A met'hod of producing semiconductor devices, 

ill i 

;^ said method comprising the steps of: immersing a 

!□ semiconductor /element having electrodes in a molten gold- 

containing scolder to form gold-containing solder films on 
25 the electrodes of said semiconductor element; and forming 

metal bump elements on said gold-containing solder films 
to thereby form metal bumps comprising said gold- 
containing /solder films and said metal bump elements. 

15. A method of producing semiconductor devices 
30 according ^to claim 14, wherein the step of forming the 

metal bump elements on said gold-containing solder films 
comprises/ immersing the gold-containing solder films in 
the molten solder to form solder films. 

16 . A method of producing semiconductor devices 
35 according to claim 14, wherein the step of forming the 

metal bump elements on said gold-containing solder films 



comprises -Unfffersing the gord-eontaini/ng solder films in a 





jnolten metal. 
17 - A metlTod— ef-^producing semiconductor devices 
according to claim 14, whereimthe step of forming the 
metal bump elements on said gold-containing solder films 
comprises joining solid metay pieces onto the gold- 
containing solder films. 

18. A method of prod\/cing semiconductor devices 
according to claim 14, further comprising the step of 
performing a process for /imparting a fluxing action to 
the electrodes of the semiconductor element prior to 
immersing the semicondi^ctor element having the electrodes 
in the molten gold-£.QXitaining solder. 



19. A method of /producing semiconductor devices 
accord to claim 18, whereVn the" step of performing the 
process for imparting saia'(''^^uxing action comprises 



irradiating the semioonductor element with a plasma. 

20. A methodTof producing semiconductor devices 



according to fc^laim^ 19, wherein the step of performing the 

process f or;^mparting said fluxing action comprises 

/ * 

cleaning the lelec/trodes of the semiconductor element with 
a first gas, and/ forming a compound of a material of the 



electrodes of ^h'e semiconductor element and of a second 



/ 



gas . 

21. A semiconductor device comprising a 
semiconductor /element having electrodes, and metal bumps 



including gold bump elements having nose-like projections 
/ 

provided on the electrodes of said semiconductor element 
and solder e^lements formed on said gold bump elements to 
cover said projections. 

22. a| semiconductor device according to claim 21, 
further comprising a wiring board having electrodes, the 
metal bumps attached to the ele^ctrodes of said 
semiconduc^tor element being connected to the electrodes 
of the wiring board, ^ 

23. / A semiconductor device comprising a 
semiconductor e].emeTit^lTavi'ng--ei-ectrodes , and metal bumps 



/ ^ 

includi'ng^gold bump elements provided on the electrodes 



m m 
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of ,^said semiconductor element and first metal layers 
formed around said goTcl^-feuiivp elements to protect said 
gold bump elements . 

24. A semiconductor deArice according to claim 23, 
5 wherein said first metal layer has a melting point lower 

than a melting point of saad gold bump element. 

25. A semiconductoy device according to claim 23, 
wherein a second metal layer is formed around said first 
metal layer. / , 

10 25. A semiconducyor device according to claim 24, 

wherein said second mental layer has a melting point which 
is lower than the melting point of said first metal layer 



by more than 20°C 



27. A semiconductor device according to claim 23, 

/ 

15 further comprising a wiring board having electrodes, the 

metal bumps attached to the electrodes of said 

semiconductor element being connected to the electrodes 

/ 

of the wiring board. 

28. A me:fe4=tQd of producing semiconductor devices, 

20 comprising t'he sto^ of: ^'attaching gold bump elements to 

electrodes/of a ^semiconductor element; immersing said 
semiconductor element in a bath containing a molten 
amalgam of a nwTxture of a metal for protecting gold and 
of mercjigy;^o /form an' amalgam layer on said gold bump 

25 elements ;[ heat-ing said semiconductor element to vaporize 



the mercury in the amalgam and to form metal films on the 



gold bump \elements to protect gold, and transferring 

molten solder elements to said metal films. 

/ 

29. A method of producing semiconductor devices, 
30 comprising the steps of: attaching gold bump elements to 

electrode^s of a semiconductor element; and transferring 

i 

molten spider elements to said gold bump elements in an 
environment containing inert gas at an oxygen 
concentration of not higher than 10000 ppm. 



35 30. A meiJood— o f pro dJicing semiconductor devices 

/ ^^^^ 

accordin^^o claim 29, wherein at least one of alcohol, 
ketone^ ester, ether and a mixture thereof is used as a 
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erring prior to transferring the 



producing semiconductor devices 
wherein said fluxing agent for 
a flux obtained by mixing a solid 
amount of-^not larger than 10% by 



fluxing agent 
molten solder 
31. Am 
according to 
5 transferring 
component the 
weight in ap^.ja-i^^ohol 
^4^^(^^^32. An apparatu^ f or producing semiconductor 
d^ices comprising: a\booth; a molten-solder vessel 
10 arranged in said booth ^o that gold bump elements 

provided on the electrodes of a semiconductor element can 
be immersed in said vessel, means for supplying inert gas 
into said booth; and meanss for detecting the oxygen 
concentration in said booti 
15 33. An apparatus fd^ producing semiconductor 

devices according to claflp 32 , further comprising a flux 
vessel for transferring disposed in said booth. 
5J^^V^^34. An apparatusVf or producing semiconductor 
devices comprising a mou-ten-solder vessel arranged so 
20 that gold bump elements \provided on the electrodes of a 

semiconductor element ca\i be immersed in said vessel, and 
a support structure for Ranging said semiconductor 
element, said support structure including a hanging 
mechanism comprising at Iqpst two mutually movably 
2 5 coupled coupling members 

35. An apparatus for producing semiconductor 
devices according to claim 34, wherein said at least two 
coupling members comprise members that are coupled 
together as in a chain. 
30 36. An apparatus \f or producing semiconductor 

devices comprising a molten-solder vessel arranged so 
that gold bump elements iprovided on the electrodes of a 
semiconductor element csmj^be immersed in said vessel, and 
a support structure for^^i^iding said semiconductor 
35 element, said support structure including a pump-type 

adsorption head having an \ppen suction hole for holding 
the semiconductor element. 
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37. An apparatus for producing semiconductor 
evices comprising \a molten-solder vessel arranged so 
that gold bump elements provided on the electrodes of a 
semiconductor elemen\t can be immersed in said vessel, and 
a support structure fior holding said semiconductor 
element, said supports structure including a holding 
mechanism comprising aSt least two mutually movably 
coupled coupling membeAs and a pump-type adsorption head 
having an open suction \iole for holding the semiconductor 
element . 
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